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CHARACTERISTICS OF A PLASMA-INJECTION-CONTROLLED

DISCHARGE FOR CO, MIXING LASERS

1. INTRODUCTION

The development of the plasma-injection technique [1,2] for
stabilising continuous electric discharqes at high pressure (about one
atmosphere) has allowed the construction of a number of hiqh-power CO2 lasers

at MRL [3,4,5]. In these lasers the main discharge is stabilised by the
injection of plasma from an array of subsidiary arc discharges which originate

on pin electrodes associated with holes in a perforated metal plate. Gaseous
nitrogen is injected at sonic velocity through the holes and the ionised or
otherwise excited species which form in the pin discharges disperse over the
main-discharge volume. The presence of these excited species provides a
background level of ionisation in the main-discharge region which inhibits the
formation of discharge instabilities.

The first mixing laser (4) based on this technique had a simple open
volume formed between two electrodes as the main-discharGe region, and

achieved specifi" discharge energies (electrical energy per unit mass flow of
gas) of around 130 kJ/kg before the onset of discharge instability. It was
subsequently found that the specific input energy could be increased to 200
kJ/kg or more by sub-dividing the main-discharge region so that each pin
discharge feeds a volume of circular cross section (Fig. 1). It is probable
that the increase in specific energy is due to a flow-velocity profile in
which there are no regions of both low gas velocity and high electrical
conductivity, such as can occur between adjacent gas streams in open
geometries. In practice the required geometry is most easily achieved by the
use of glass tubes centered on the pin discharges and of length equal to the
main discharge. This arrangement has been used in the latest high-power
laser constructed at MRL (51, and has allowed a 50-kW output to he achieved
with only a small increase in gas flow compared with that required by the
earlier 20-kW device (4].

This report presents data on the voltage-current characteristics and
the maximum input power for these discharges. This data, which is presented
for a range of discharge parameters, may be used as a basis for the design of
high-power lasers utilising this type of discharge.



2. APPARATUS

A schematic diagram of the apparatus used in this investigation is
shown in Fig. 1. Discharges were excited in the glass tube situated between
the aluminium pin-hole plate and the stainless-steel mesh which form the main-
discharge electrodes. A number of pin-hole plates were available with hole
diameters in the range 1.4 mm to 2.0 mm. The range of tube diameters was
6 mm to 19 mm and the range of tube lengths was 50 mm to 80 mm. A copper pin
was used and pin currents could be varied from 100 mA to 200 mA.

The apparatus was evacuated and filled with N2, prior to an
experiment. During an experiment the gas flowed into the apparatus through a
flow tube and was exhausted directly into the atmosphere through the large-
area valve shown in Fig. 1. This arranqement did not allow variation of the
discharge pressure, but it has been previously found [2] that a pressure of
100 kPa is close to optimum. Electrical power for the discharges was
provided by three-phase, full-wave-rectified transformers and the regulated
gas flow was obtained from a commercial high-purity cylinder. The 100-kQ
resistor incorporated in the main-discharqe circuit (Fig. 1) acted as a
current limiter when the voltage reached a value sufficiently high to cause
arcing. At lower voltaqes the main discharge has a positive slope resistance
(Fig. 3 - Fig. 26) and does not require a ballast resistor.

The main-discharge current and voltage, the pin current, the gas
flow rate and the pressure upstream of the pin-hole plate were monitored
during each run. Experimental runs were limited to durations of five seconds
to avoid any heating effects of the apparatus.

3. RESULTS

The experimental results are presented in Figs. 3-26. In all cases
the main-discharge pressure is 100 kPa (one atmosphere) and the pressure
behind the pin-hole is 240 kPa.

It was found that the results for a given set of parameters were
reproducible provided that the cylinder of gas was not changed. Variations
of discharge resistance of about 20% were observed with gas from different
cylinders. The gas used was commercial high-purity N2 (nominal purity
99.99%), so the discharge resistance is evidently extremely sensitive to
variations in the amount and type of impurity.

The values of the discharge length CL), discharge diameter (D), pin
current (I p) and mass flow rate (m) are indicated on each figure. A vertical

arrow on a voltage-current curve indicates that a discharge instability has
occurred. Fig. 2 is a key to the results presented in Figs. 3-26 and is
included to allow rapid access to results for a particular set of
parameters. It can be seen that input powers of up to 850 W in a single
discharge are possible at a flow rate of 1.8 g/s (Fig. 16), and that specific
energies of up to 900 kJ/kg can be obtained (Fig. 21) at lower flow rates.
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4. CONCLUSION

The voltage-current characteristics and maximum power of discharges
suitable for use in high-power mixing lasers have been presented over a range
of parameter values. In the design of a laser of a nominated power it is
desirable to minimise the gas-flow rate, the total pin-discharqe current and
the total number of discharges, and to maximise the overall efficiency.
There may also be some constraints on the maximum acceptable discharge
voltage. In general these requirements cannot be satisfied simultaneously
and a compromise is necessary. The results presented in this report provide
information by which decisions on this compromise can be made and were used in
the design of the 50-kW laser described in Ref. 5.
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